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© Accumulator. 



© In the interior of the housing (15) of an accu- 
mulator (10), a metallic bellows (30) and a self-seal 
mechanism (37) are arranged. The metallic bellows 
(30) partitions the interior of the housing (15) into a 
gas chamber (45) and a liquid chamber (41). The 
self-seal mechanism (37) includes an elastic seal 
member (35) and a face (36) which the elastic seal 
member (35) opposes. When the bellows (30) is 
compressed to the predetermined extent due to in- 
troduction of a compressed gas into the gas cham- 
ber (45), the elastic seal member (35) is brought into 
contact with the face (36), thus closing a flow port 
^(18). The elastic seal member (35) has a slanted 
Oface (52), so that a wedge-shaped liquid guide gap 
CM (55) is produced when the elastic seal member (35) 
W is in contact with the face (36). When, in this con- 
t— dition, the compressed liquid is introduced into the 
*J*flow port (18), part of the liquid enters the liquid 
guide gap (55), thus permitting the seal member (35) 
to easily separate from the face (36). 
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The present invention relates to an accumulator 
which is employed in various types of hydraulic 
devices for the absorption of pulsation or in 
hydropneumatic suspension systems for motor ve- 
hicles. 

Various types of accumulators adapted for their 
respective purposes have hitherto been put to 
practical use. For example, there is a type wherein 
a liquid chamber filled with an oil and a gas cham- 
ber containing a compressed gas are defined in the 
interior of a hollow housing. In a recently-devel- 
oped accumulator of this type, a metallic bellows is 
employed to provide a partition between the liquid 
and gas chambers. The bellows is compressible or 
extensible in the axial direction of the housing, and 
one of the liquid and gas chambers is defined 
inside the bellows, with the other chamber defined 
outside of the bellows. The bellows is expanded or 
compressed in accordance with a variation in the 
pressure in either the liquid or gas chamber. 

The inventors of the present invention devel- 
oped an accumulator which is of a type employing 
a metallic bellows and which is provided with a 
self-seal mechanism for preventing the bellows 
from being deformed beyond an allowable extent 
when the gas chamber is charged with a gas. 

* In this accumulator, an inner cylinder and a 
metallic bellows are arranged coaxial inside a hous- 
ing, and the bellows partitions the interior of the 
housing into liquid and gas chambers. The accu- 
mulator has an internal flow port through which a 
liquid flows into or out of the liquid chamber when 
the bellows is compressed or expanded. The flow 
port can be opened or closed by the self-seal 
mechanism. The self-seal mechanism is made up 
of: a support seat having the flow port formed 
therein., and an elastic seal member formed of 
rubber or the like and arranged to face the support 
seat. If the bellows is deformed beyond a predeter- 
mined stroke when the gas chamber is charged 
with a gas, the seal member closes the flow port, 
with the result that a liquid is confined to a backup 
liquid chamber defined between the bellows and 
the inner cylinder. Since a liquid is substantially an 
incompressible fluid, the liquid confined to the bac- 
kup liquid chamber uniformly supports the entire 
wall of the bellows. As a result, the bellows is 
prevented from being excessively deformed. 

In the process of the development of the 
above-mentioned accumulator, the inventors found 
out that the accumulator required improvement in 
the point below: 

If the self-seal mechanism closes itself at the 
time of the gas introduction into the gas chamber, 
the seal member is pressed strongly against the 



support seat. In some cases, the seal member may 
cling to the support seat. If the seal member clings 
to the support seat, the seal member does not 
easily separate from the support member, even 

5 when a liquid is introduced from a hydraulic pump 
or the like into the interior of the housing after the 
gas introduction. Since, therefore, the self-seal 
mechanism does not smoothly change from the 
closed state to the open state, it does not have 

70 satisfactory responsiveness. 

Accordingly, an object of the present invention 
is to provide an accumulator which incorporates a 
self-seal mechanism and which enables the seal 
member of the mechanism to instantaneously sep- 

75 arate from its opposite face, to thereby smoothly 
change the self-seal mechanism from the closed 
state to the open state. 

An accumulator which the present invention 
provides to achieve this object comprises a bellows 

20 for providing a partition between the gas and liquid 
chambers; and a self-seal mechanism which closes 
a flow port if the bellows deflects more than a 
predetermined extent due to the pressure of the 
gas introduced into the gas chamber. The self-seal 

25 mechanism includes an elastic seal member 
formed of rubber or the like and provided for at 
least one of the support seat and the end plate of 
the bellows. The seal member and its opposite 
face defines a wedge-shaped liquid guide gap 

30 therebetween. The shape of this liquid guide gap is 
determined such that part of the liquid introduced 
into the housing can enter the contact region be- 
tween the elastic seal member and the opposite 
face in the state where the self-seal mechanism is 

35 kept closed due to the pressure of the gas intro- 
duced into the gas chamber. 

In the accumulator mentioned above, the elas- 
tic seal member can easily or instantaneously sep- 
arate from its corresponding face when a liquid 

40 pressurized by a pump or the like is introduced 
into the housing. Therefore, the self-seal mecha- 
nism can be changed from the closed state to the 
open state very smoothly. 

This invention can be more fully understood 

45 from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a longitudinal sectional view of an 
accumulator according to the first embodiment of 
50 the present invention; 

Fig. 2 is an enlarged sectional view of the 
self-seal mechanism employed in the accumulator 
shown in Fig. 1; 

Fig. 3 is a sectional view illustrating the 
condition where a gas is supplied into the accu- 
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mulator shown in Fig. 1; 

Fig.. 4 is an enlarged sectional view illustrat- 
ing how the self-seal mechanism is when a gas is 
supplied into the accumulator shown in Fig. 1; 

Fig. 5 is a sectional view illustrating a modi- 
fication of the elastic seal member; 

Fig. 6 is a sectional view illustrating the state 
where the elastic seal member shown in Fig. 5 is in 
contact with its corresponding face; 

Figs. 7 through 9 are sectional views illus- 
trating modifications of the self-seal mechanism; 

Fig. 10 is a sectional view of an accumulator 
according to the second embodiment of the 
present invention; 

Fig. 11 is a sectional view illustrating how 
the accumulator shown in Fig. 10 is at the time of 
gas introduction; and 

Fig. 12 is a vehicle suspension system em- 
ploying an accumulator according to the third em- 
bodiment of the present invention. 

The first embodiment of the present invention 
will now be described, with reference to Figs. 1-4. 
As is shown in Fig. 1, an accumulator 10 is located 
between a hydraulic pump 11 and a hydraulic 
device 12 to be operated by the pump 11. The 
accumulator 10 comprises a hollow housing 15, 
and an inner cylinder 16 is arranged inside the 
housing 15 to be concentric with the housing 15. A 
flow port 18 is formed in the center of an annular 
support seat 17 located at the lower end of the 
inner cylinder 16. 

An inlet port 21 and an outlet port 22 are 
formed in the upper end portion of the housing 15. 
One end of an inflow pipe 24 is connected to the 
female screw 23 formed in the inlet port 21 by 
means of a pipe coupler (not shown), while the 
other end thereof is connected to the discharge 
port of the pump 1 1 . One end of an outflow pipe 26 
is connected to the female screw formed in 1he 
outlet port 22 by means of a pipe coupler (not 
shown), while the other end thereof is connected to 
the inlet port of the hydraulic device 12. 

A metallic bellows 30 is located inside the 
housing 15. The bellows 30 includes a bellows 
body 31 which is expansible or compressible in the 
axial direction of the housing 15, and a bellows end 
plate 32 for closing the free end of the bellows 
body 31. The bellows body 31 has a predeter- 
mined accordidn-like walls and is obtained by plas- 
tically working a thin stainless steel plate by hy- 
draulic forming, roll forming, or the like. A metallic 
plate other than the stainless steel plate may be 
used for obtaining the bellows body 31. The bel- 
lows body 31 has a fixed end 33 which is located 
opposite to the free end. At this fixed end, the 
bellows body 31 is hermetically fixed to the end 
wall 34 of the housing 15. 

An elastic seal member 35 is arranged on the 



bellows end plate 32 such that it is located within. 
the inside of the bellows body 31. The seal mem- 
ber 35 is formed of a material having rubber-like 
elasticity, such as urethane elastomer or nitrile 

5 rubber. It is desirable that the seal member have a 
hardness in the range of durometer A type 70-95 
prescribed in ASTM 2240. The seal member 35 is 
arranged to oppose the face 36 of the annular 
support seat 17. The bellows end plate 32, the 

w elastic seal member 35, and the face 36 of the 
annular support seat 17 jointly constitute a seal 
mechanism 37, as will be described later. 

A guide member 38 formed of resin is located 
around the bellows body 31. A plurality of such 

75 guide members 38 may be employed in accor- 
dance with the need. The purposes of employing 
the guide member(s) 38 are: to provide a predeter- 
' - mined clearance between the outer face of the 
bellows body 31 and the inner face of the housing 

20 15; and to reduce the sliding friction between the 
bellows body 31 and the housing 15. 

Of the internal spaces which the bellows 30 
defines inside the housing 30, the space inside the 
bellows 30 is used as a liquid chamber 41. This 

25 liquid chamber 41 is filled with an oil. The space 
between the outer face of the bellows 30 and the 
inner face of the housing 15 is used as an gas 
chamber 45. Ah inert gas, such as nitrogen, is 
charged in this gas chamber 45. At this time, the 

30 inert gas is introduced through a gas supply port 
47, which can be closed with a piug 46. The 
charging pressure of the gas is determined in ac- 
cordance with e.g., the pulsation-absorbing char- 
acteristic of the accumulator 10. For example, the 

35 sealing pressure of the gas is several kg/cm 2 or 
higher. The gas sealed in the gas chamber 45 acts 
in such a manner as to compress the bellows 30. 

The elastic seal member 35 employed in the 
embodiment looks like a disk, if viewed from 

40 above. It has a first depression 50 and a second 
depression 51 which are concentric with each oth- 
er. The second depression 51 has a larger diam- 
eter than that of the first depression 50 and is 
shallower than the first depression 50. The bottom 

45 of that region of the second depression 51 which 
opposes the face 36 of the annular support seat 17 
is defined by a slanted face 52, which is slanted 
such that the second depression 51 becomes shal- 
lower toward the outer periphery of the seal mem- 

50 ber 35. In the case of this embodiment, an annular 
flat face 53 is formed around the slanted face 52. 
The seal member 35 is adhered to the bellows end 
plate 32 by use of an adhesive or by vulcanization. 
Needless to say, the seal member 35 may be fixed 

55 to the bellows end plate 32 by use of a suitable 
method other than the adhesion. 

As is shown in Fig. 4, the flat face 53 of the 
elastic seal member 35 is in contact with the face 
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36 when the self-seal mechanism 37 is in the 
closed state. The contact region between the seal 
member 35 and the face 36 is annular. The slanted 
face 52, which defines the bottom of the second 
depression 51 located on the radially inner side of 
the flat face 53, is slanted such that the second 
depression 51 becomes deeper toward the first 
depression 50. When the self-seal mechanism 37 
Is in the closed state, therefore, a wedge-shaped 
liquid guide gap 55 is formed in the region where 
the elastic member 35 opposes the face 36 such 
that the liquid guide gap 55 extends along the 
circumference of the second depression 51. Ac- 
cordingly, if the pressure of the oil introduced 
through the flow port 18 is applied to the liquid 
guide gap 55 in the closed state of the self-seal 
mechanism 37, the oil is made to flow in such a 
direction as will separate the seal member 35 and 
the face 36 from each other at the contact region. 

The seal member 35 is required both to main- 
tain a certain extent of elasticity and to provide 
easy separation from the face 36. In order to sat- 
isfy these requirements, it is desirable that the seal 
member 35 have a hardness in the range of duro- 
meter A type 70-95 prescribed in ASTM 2240. In 
addition, the size of the seal member 35 is deter- 
mined such that the inner diameter A of the seal 
member portion which is brought into contact with 
the face 36 and the outer diameter B of the same 
seal member portion satisfy the relation 1 .5 < (B/A) 
< 7.0. more preferably the relation 2.0 < (B/A) < 
3.5. If the value of the B/A is smaller than 1 .5, the 
pressure acting between the seal member 35 and 
the face 36 becomes too high, resulting in perma- 
nent deformation of the seal member 35. If the 
value of the B/A is larger than 7.0, it becomes 
harder for the oil to flow into the region between 
the seal member 35 and the face 36 when the self- 
seal mechanism is to be opened. As a result, the 
seal member 35 does not easily separate from the 
face 36. 

The process in which a gas is introduced into 
the gas chamber 45 will now be described. Before 
the gas chamber 45 is charged with a gas, the 
liquid chamber 41 is filled with an oil. As is shown 
in Fig. 3, a compressed gas supply source 57 is 
connected to the gas supply port 47, so as to 
supply a compressed gas into the gas chamber 45. 
In accordance with an increase in the amount of 
gas supplied into the gas chamber 45, the bellows 
body 31 is compressed in the axial direction, with 
the oil in the oil chamber 41 being discharged from 
the housing 15. When the bellows 30 has been 
compressed to the predetermined stroke, the elas- 
tic seal member 35 is in tight contact with the face 
36 of the annular support seat 1 7, so that the flow 
port 18 is closed. In this condition, the bellows 
cannot be compressed more, and part of the oil is 



confined to the backup liquid chamber 58 defined 
between the inner face of the bellows body 31 and 
the inner cylinder 16. (The backup liquid chamber 
58 constitutes part of the liquid chamber 41.) 

5 Since the gas supply into the gas chamber 45 

continues after the elastic seal member 35 is 
brought into tight contact with the face 36, the 
pressure in the gas chamber gradually increases. 
The oil sealed in the backup liquid chamber 58 is 

70 substantially incompressible, so that the entire in- 
ner face of the bellows body 31 is uniformly sup- 
ported by the oil sealed in the backup liquid cham- 
ber 58. Therefore, the bellows body 31 is pre- 
vented from being deformed beyond an allowable 

75 extent after the supply of the compressed gas is 
continued. Moreover, the seal member has a flat 
face 53 extending along the circumference thereof, 
so that the contact between the seal member 35 
and the face 36 is plane contact. Accordingly, a 

20 very high pressure does not act on the elastic seal 
member 35. When the pressure in the gas cham- 
ber 45 has reached a predetermined value, the gas 
supply is stopped, and the gas supply port 47 is 
closed with the plug 46. 

25 As is shown in Fig. 3, the self-seal mechanism 

37 is in the closed condition after the gas is intro- 
duced into the accumulator 10 in the process men- 
tioned above. In this condition, the hydraulic pump 
1 1 shown in Fig. 1 is operated and a compressed 

30 oil is supplied into the interior of the housing 15 
through the inflow pipe 24. As a result, the hydrau- 
lic pressure acts in the liquid guide gap 55 defined 
between the elastic seal member 35 and the face 
36. Since the oil entering the liquid guide gap 55 

35 flows in such a direction as will separate the seal 
member 35 from the face 36, the elastic seal 
member 35 can easily separate from the face 36 
when the pressure in the oil chamber 41 becomes 
higher than the pressure in the gas chamber 45. 

40 Accordingly, the self-seal mechanism 37 is easily 
set in the open state as soon as the pump 11 is 
driven, as is shown in Fig. 1. The smaller the value 
of B/A is, the more easily the seal member 35 
separates from the face 36. As was mentioned 

45 above, however, if the value of B/A is too small, a 
very high pressure acts between the seal member 
35 and the face 36, so that the seal member 35 
may be permanently deformed. Therefore, it is 
important to adjust the value of B/A to be larger 

so than 1.5. 

The oil introduced into the liquid chamber 41 
by the pump is supplied to the hydraulic device 12 
through the outlet port 22. The pulsation compo- 
nents of the oil pressure caused by the rotation of 

55 the pump 11 are first transmitted to the liquid 
chamber 41, and is then transmitted to the gas 
chamber 45 through the oil in the liquid chamber 
41. Accordingly, the pulsation components are ab- 

4 
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sorbed by the compression and expansion of the 
gas sealed in the gas chamber 45. When the gas 
chamber 45 is compressed, the bellows 30 is ex- 
panded. Conversely, when the gas chamber 45 is 
expanded, the bellows 30 is compressed, in this 
manner, a change in the volume of the oil supplied 
from the pump 11 is efficiently converted into a 
change in the volume of the gas in the gas cham- 
ber 45. Thus, the pulsation components of the oil 
are absorbed. 

If the pressure in the liquid chamber 41 de- 
creases for some reason or other, the bellows 30 is 
compressed due to the pressure of the gas sealed 
in the gas chamber 45. If the bellows 30 is com- 
pressed to the predetermined stroke, the seal 
member 35 is brought into tight contact with the 
face 36, thus closing the flow port 18. Accordingly, 
part of the oil is confined to the backup liquid 
chamber 58 defined between the inner cylinder 16 
and the bellows body 31 . Since the oil is substan- 
tially incompressible, the entire inner face of the 
bellows body 31 is uniformly supported from inside 
by the oil sealed in the backup liquid chamber 58. 
Thus, the bellows body 31 is prevented from being 
deformed excessively. Since, therefore, the bellows 
body 31 is not required to have a high degree of 
pressure resistance, it need not be very thick. Even 
if the bellows body 31 is thin, the metallic bellows 
30 can exhibit a satisfactory gas barrier character- 
istic. . 

The shape of the elastic seal member 35 is not 
limited to that mentioned above. For example, the 
seal member 35 may have such shapes as are 
shown in Figs. 5 and 7. In the seal member 35 
shown in Fig. 5, the slanted face 52 declines from 
the outer periphery 35a of the seal member 35 
toward the first depression 50. In other words, the 
bottom of the second depression 51 may be de- 
fined by such a slanted face. The state where the 
self-seal mechanism employing the elastic seal 
member shown in Fig. 5 is closed at the time of 
gas supply illustrated in Fig. 6. In the seal member 
35 shown in Fig. 7, the bottom of the second 
depression 51 is defined by both a slated face 52 
and a second flat face 59. In each of the cases 
shown in Figs. 6 and 7, a wedge-shaped liquid 
guide gap 55 is defined between the seal member 
35 and its opposite face 36 when the self-seal 
mechanism 37 is in the closed state, so that the oil 
is made to flow into the region between the seal 
member 35 and the opposite face 36. 

Fig. 8 illustrates a modification of the self-seal 
mechanism 37. In this modification, the annular 
elastic seal member 35 is provided for the support 
seat 17, not for the bellows end plate 32. In this 
modification, therefore, the face which the seal 
member 35 opposes is part of the bellows end 
plate 32. 



Fig. 9 illustrates another modification of the 
self-seal mechanism 37. In this modification, the 
inner circumferential wall 18a of the flow port 18 is 
slanted or curved such that the inner diameter of 

5 the flow port 18 is increased toward the seal mem- 
ber 35. When the self-seal mechanism 37 is in the 
closed state, a liquid guide gap 55 is formed be- 
tween the seal member 35 and its opposite face 36 
such that the liquid guide gap 55 extends along the 

io entire circumference of the flow port 18. 

Fig. 10 shows the second embodiment of the 
present invention. In the second embodiment, a 
liquid chamber 41 is defined outside the bellows 
30. and a gas chamber 45 is defined inside the 

is bellows 30. An elastic seal member 35, whose 
material and shape are similar to those of the 
elastic seal member of the foregoing embodiment, 
is provided on that side of the bellows end plate 32 
which opposes the flow port 18. This flow port 18 is^ 

20 formed in the center of a support seat 10a. 

A gas is introduced into the accumulator 10 of 
the second embodiment in a similar process to that 
of the first embodiment. As is shown in Fig. 11, a 
compressed gas supply source 57 is connected to 

25 the gas chamber 45 shown in Fig. 11. so as to 
supply a compressed gas into the gas chamber 45. 
When the pressure in the gas chamber 45 has 
reached a predetermined value, the self-seal 
mechanism closes, with the result that an oil is 

30 sealed in a backup liquid chamber 58. Due to the 
oil sealed in the backup liquid chamber 58, the 
bellows body 31 is prevented from being exces- 
sively deformed. 

The seal member 35 employed in the second 

35 embodiment has a depression 51 opposing the 
face 36. The depression 51 is concentric with the 
seal member 35 and looks circular if viewed from 
above. When the seal member 35 abuts the cor- 
responding face 36, the slanted face 52 of the 

40 depression 51 defines a liquid guide gap 55 in the 
region where the seal member 35 and the cor- 
responding face 36 are brought into tight contact 
with each other. In the closed state of the self- 
member 37, therefore, the seal member 35 can 

45 easily separate from the face 36, as soon as an oil 
having a higher pressure than that of the gas 
sealed in the gas chamber 45 is introduced through 
the flow port 18. As a result, The self-seal member 
37 can quickly change from the closed state to the 

so open state. 

Fig. 12 shows the third embodiment of the 
present invention. 

This embodiment concerns a case where the 
metallic bellows 30 mentioned above is incorpo- 
55 rated in a hydropneumatic suspension system 60 
for a motor vehicle. The suspension system 60 
..comprises a first housing 61. This first housing 61 
is made up of an outer cylinder 62 and an inner 
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cylinder 63, and a hollow rod 65 is slidably inserted 
into the housing 61. An oil seal 66, a seal-fixing 
member 67, and bearings 68 and 69, etc. are 
provided for the housing 61. The upper end of the 
rod 65 is coupled to a vehicle member (not shown) 
by use of a coupling member 71 . The lower end of 
the housing 61 is coupled to an axle member by 
use of a coupling member 72. A liquid chamber 75 
is defined jn the interior of the housing 61, and is 
filled with an oil. A liquid supply port 76, which is 
used for supplying an oil into the liquid chamber 
75, is connected to a hydraulic circuit (not shown). 

The sliding portions between the rod 65 and 
the housing 61 are surrounded by a dust cover 80 
which is in the form of a bellows. A damping force- 
generating mechanism 81 is provided at the lower 
end of the rod 65. 

The suspension system 60 also comprises a 
second housing 85. The interior of this housing 85 
is partitioned by a metallic bellows 30 into a liquid 
chamber 86 and a gas chamber 87. An inert gas, 
such as nitrogen, is sealed in the gas chamber 87. 
At this time, the gas is introduced through a gas 
supply port 91 , which can be closed with a plug 90. 
The charging pressure of the gas is, for example, 
several tens of kg/cm 2 or higher, and acts in such a 
manner as to compress the bellows 30. The liquid 
chamber 86 of the second housing 85 commu- 
nicates with the liquid chamber 75 of the first 
housing 61 through both a flow port 93 and a flow 
path 94. The flow port 93 is formed in the center of 
a support seat 96 which is like a cylindrical projec- 
tion. 

As in the foregoing embodiments, the bellows 
30 of the third embodiment includes: a bellows 
body 31 which is expansible or compressible in the 
axial direction of the housing 85; and a bellows end 
plate 32 which closes one end of the bellows body 
31. The bellows body 31 is obtained, for example, 
by plastically working a thin stainless steel plate. A 
metallic plate other than the stainless steel plate 
may be used for obtaining the bellows body 31. 
The other end of the bellows body 31 is hermeti- 
cally fixed to the end wall 95 of the housing 85. 

An elastic seal member 35, which is similar to 
those employed in the first and second embodi- 
ments, is formed on the inner side of the bellows 
end plate 32. An annular face 36 corresponding to 
the elastic seal member 35 is formed around the 
flow port 93. The seal member 35 and the cor- 
responding face 36 jointly constitute a self-seal 
mechanism 37. 

The process in which a gas is introduced into 
the gas chamber 87 of the suspension system 60 
is similar to the processes of the first and second 
embodiments mentioned above. Specifically, the 
liquid chamber 86 is filled with an oil before the 
gas chamber 87 is charged with a gas. When the 



self-seal mechanism 37 has been closed as a 
result of the gas charge, part of the liquid is con- 
fined to the backup liquid chamber 58 defined 
between the inner cylinder 16 and the bellows 

s body 31, so that the bellows 30 is supported by the 
liquid confined to the backup liquid chamber 58. 
Accordingly, the bellows 30 is prevented from be- 
ing excessively deformed. In the third embodiment 
as well, a wedge-shaped liquid guide gap 55 is 

io produced between the slanted face 52 of the seal 
member 35 and the corresponding face 36. 

After the gas is supplied as above, a high 
pressure liquid is introduced into the self-seal 
mechanism 37 through the flow port 93. Part of the 

75 high pressure liquid introduced into the liquid guide 
gap 55 flows in such a manner as to separate the 
elastic seal member 35 and the corresponding face 
36 from each other. If the pressure of the liquid 
introduced into the liquid guide gap 55 is higher 

20 than the pressure of the gas sealed in the gas 
chamber 87. the elastic seal member 35 can in- 
stantaneously separate from the corresponding 
face 36. As a result, the seal-seal mechanism 37 
can be quickly set in the closed condition. 

25 As mentioned above, the bellows body 31 is 

prevented from being excessively deformed at the 
time of gas introduction since the self-seal mecha- 
nism 37 is closed then. If, in the closed state of the 
self seal mechanism, the hydraulic pressure be- 

30 comes higher than the pressure in the gas cham- 
ber 87, the oil introduced into the liquid guide gap 
55 acts in such a manner as to raise the seal 
member 35. Accordingly, the seal member 35 is 
prevented from clinging to the corresponding face 

35 36. 

The suspension system 60 mentioned above is 
installed to a vehicle. If, in the installed state, the 
first housing 61 is pushed into the hollow rod 65, 
the gas in the gas chamber 87 is compressed 

40 further, thus increasing the repulsive force of the 
gas. In addition, the bellows 30 expands in the axial 
direction in accordance with a change in the pres- 
sure of the gas. Conversely, if the rod 65 slides in 
such a direction as to project from the housing 61 , 

45 the volume of the gas sealed in the gas chamber 
87 increases and the bellows 30 is compressed. 
Since the oil flows through the damping force- 
generating mechanism 81 in this state, the move- 
ment of the rod 65 is restricted. Accordingly, the 

so suspension system 60 achieves both a gas spring 
function and a shock absorber function. 



Claims 

55 

1 . An accumulator comprising: 
a hollow housing (15, 85); 

a bellows (30) located inside the housing (1 5. 85), 
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said bellows (30) including: 

a bellows body (31) having a first end (33) and a 
second end, said first end (33) being secured to 
the housing (15, 85) and said second end being 
allowed to move in an axial direction of the housing 
(15, 85); and 

a bellows end plate (32) for closing the second end 
of the bellows body (31); 

a liquid chamber (41 , 86) defined by an inner face 

of the bellows (30) and filled with a liquid; 

a gas chamber (45, 87) defined by an outer face of 

the bellows (30) and charged with a compressed 

gas; 

an annular support seat (17, 96) opposing the bel- 
lows end plate (32), said support seat (17, 96) 
having a flow port (1 8, 93) communicating with the 
liquid chamber (41, 86) and allowing the liquid in 
the liquid chamber (41, 86) to pass therethrough 
when the bellows (30) is compressed or expanded; 
and 

a self-seal mechanism (37) for closing the flow port 
(1 8, 93) when the pressure of the compressed gas 
charged in the gas chamber (45, 87) causes the 
bellows (30) to be deformed in the axial direction to 
a predetermined extent, part of the liquid in the 
liquid chamber (41, 86) being confined to a region 
inside the bellows (30) when the self-seal mecha- 
nism (37) is closed; 

characterized in that said self-sea! mechanism (37) 
includes: 

an elastic seal member (35) formed of a rubber-like 
elastic material and provided for one of the support 
seat (17, 96) and the bellows end plate (32); and 
a face (36) which the elastic seal member (35) 
opposes, those portions of the elastic seal member 

(35) and the face (36) which oppose each other 
being shaped in such a manner as to produce a 
liquid guide gap (55) that causes part of the pres- 
surized liquid introduced through the flow port (18, 
93) to flow into a region between the elastic seal 
member (35) and the face (36) when the elastic 
seal member (35) is in contact with the face (36). 

2. An accumulator according to claim 1, char- 
acterized in that said liquid guide gap (55) has a 
wedge-shaped cross section, so that the distance 
between the elastic member (35) and the face (36) 
decreases from the center of the elastic seal mem- 
ber (35) to the outer periphery of the elastic seal 
member (35). 

3. An accumulator according to claim 1, char- 
acterized in that said elastic seal member (35) has 
a slanted face (52) which is continuous in a circum- 
ferential direction of the seal member (35) and 
which is so slanted as to increase the thickness of 
the seal member (35) from the center to the outer 
periphery, said liquid guide gap (55) being pro- 
duced between the slanted face (52) and the face 

(36) . 



4. An accumulator according to claim 1, char- 
acterized In that said elastic seal member (35) has: 
a slanted face (52) which is continuous in a circum- 
ferential direction of the seal member (35) and 

5 which is so slanted as to increase the thickness of 
the seal member (35) from the center to the outer 
periphery; and 

an annular fiat face (53) which is continuous in the 
circumferential direction of the seal member (35) 
70 and which is located between the slanted face (52) 
and the outer periphery, said annular flat face (53) 
being brought into contact with the face (36). 

5. An accumulator according to claim 1, char- 
acterized by further comprising an inner cylinder 

15 (16) located inside the bellows (30), said support 
seat (17, 96) being provided for one end of the 
inner cylinder (16). 

6. An accumulator according to claim 1, char- 
acterized in that said elastic seal member (35) is 

20 provided for the bellows end plate (32). 

7. An accumulator according to* claim 1, char- 
acterized in that said elastic seal member (35) is 
provided for the support seat (17). 

8. An accumulator according to claim 1. char- 
25 acterized in that said elastic seal member (35) has 

a circular planar shape and includes an annular 
swelling portion (53) to be brought into contact with 
the face (36), said annular swelling portion (53) 
' having a size satisfying the relations of 1.5 < B/A < 
30 7:0, where A denotes the inner diameter of the 
annular swelling portion (53). and B denotes the 
outer diameter of the annular swelling portion (53). 

9. An accumulator comprising: 
a hollow housing (15); 

35 a bellows (30) located inside the housing (15), said 
bellows (30) including: 

a bellows body (31) having a first end (33) and a 
second end, said first end (33) being secured to 
the housing (15) and said second end being -al- 
40 lowed to move in an axial direction of the housing 
(15); and 

a bellows end plate (32) for closing the second end 
of the bellows body (31); 

a liquid chamber (41) defined by an outer face of 
45 the bellows (30) and filled with a liquid; 

a gas chamber (45) defined by an inner face of the 
bellows (30) and charged with a compressed gas; 
an annular support seat (10a) opposing the bellows 
end plate (32), "said support seat (10a) having a 
so flow port (18) communicating with the liquid cham- 
ber (41) and allowing the liquid in the liquid cham- 
ber (41) to pass therethrough when the b9llows 
(30) is compressed or expanded; and 
a self-seal mechanism (37) for closing the flow port 
55 (18) when the pressure of the compressed gas 
charged in the gas chamber (45) causes the bel- 
lows (30) to be deformed in the axial direction to a 
predetermined extent, part of the liquid in the liquid 
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chamber (41) being confined to a region outside 
the bellows (30) when the self-seal mechanism (37) 
is closed; 

characterized in that said self-seal mechanism (37) 
includes: 5 
an elastic seal member (35) formed of a rubber-like 
elastic material and provided for one of the support 
seat (10a) and the bellows end plate (32); and 
a face (36) which the elastic seal member (35) 
opposes, those portions of the elastic seal member 10 
(35) and the face (36) which oppose each other 
being shaped in such a manner as to produce a 
liquid guide gap (55) that causes part of the pres- 
surized liquid introduced through the flow port (18) 
to flow into a region between the elastic seal mem- is 
ber (35) and the face (36) when the elastic seal 
member (35) is in contact with the face (36). 

10. An accumulator according to claim 9, char- 
acterized in that said elastic seal member (35) has 
a circular planar shape and includes an annular 20 
swelling portion (53) to be brought into contact with 
the face (36), said annular swelling portion (53) 
having a size satisfying the relations of 1 .5 < B/A < 
7.0, where A denotes the inner diameter of the 
annular swelling portion (53) and B denotes the 25 
outer diameter of the annular swelling portion (53). 
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